Analysis
AbsTrACT
Natural disasters significantly contribute to human death and suffering. Moreover, they exacerbate pre-existing health inequalities by imposing an additional burden on the most vulnerable populations. Robust local health systems can greatly mitigate this burden by absorbing the extraordinary patient volume and case complexity immediately after a disaster. This resilience is largely determined by the predisaster local surgical capacity, with trauma, neurosurgical, obstetrical and anaesthesia care of particular importance. Nevertheless, the disaster management and global surgery communities have not coordinated the development of surgical systems in low/ middle-income countries (LMIC) with disaster resilience in mind. Herein, we argue that an appropriate peridisaster response requires coordinated surgical and disaster policy, as only local surgical systems can provide adequate disaster care in LMICs. We highlight three opportunities to help guide this policy collaboration. First, the Lancet Commission on Global Surgery and the Sendai Framework for Disaster Risk Reduction set forth independent roadmaps for global surgical care and disaster risk reduction; however, ultimately both advocate for health system strengthening in LMICs. Second, the integration of surgical and disaster planning is necessary. Disaster risk reduction plans could recognise the role of surgical systems in disaster preparedness more explicitly and pre-emptively identify deficiencies in surgical systems. Based on these insights, National Surgical, Obstetric, and Anesthesia Plans, in turn, can better address deficiencies in systems and ensure increased disaster resilience. Lastly, the recent momentum for national surgical planning in LMICs represents a political window for the integration of surgical policy and disaster risk reduction strategies.
InTroduCTIon
Natural disasters have been a source of death and suffering throughout human history. Over the last few centuries, trends in industrialisation and urbanisation have led to a dramatic growth in the world population which is largely concentrated in cities. Concurrently, climate change has been linked to the increased frequency and intensity of natural hazards such as earthquakes, floods and storms. [1] [2] [3] When natural hazards disrupt human life or activity they become natural disasters. 4 Most recently, between 2007 and 2016, approximately 354 natural disasters affected an average of 210 million people per year worldwide and contributed to an estimated 68 000 annual deaths. 5 In addition to the human losses, disasters can paralyse regional development. 6 Loss of life and destruction of infrastructure have contributed to approximately US$142 billion in annual economic losses during this time period. 5 In 2017, the annual losses surpassed US$300 billion. 3 5 This places a growing number of people at heightened physical and financial risk. 7 Furthermore, it is clear that natural disasters impose an additional burden on the most vulnerable populations and thus exacerbate pre-existing health inequalities. Women, children, the elderly and those summary box ► Natural disasters affected over 95 million people in 2017, contributing to an estimated 68 000 deaths and over US$335 billion in economic losses worldwide.
2
► Disaster risk reduction (DRR) strategies are plans designed to minimise these negative effects and to promote the resiliency of local health systems.
5
► Despite the overwhelming need for surgical care in postdisaster settings, DRR plans have not effectively prioritised surgical systems planning. ► National Surgical, Obstetric, and Anesthesia Plans (NSOAPs) are a novel framework for the development of surgical care systems being adapted by many countries. ► Together, NSOAPs and DRR strategies represent an opportunity to coordinate more comprehensive surgical care policy and to build resilient health systems.
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of lower socioeconomic status are most affected. 8 9 As such, natural disasters are not natural in that the loss of life and health largely depends on man-made and societal factors; in fact, socioeconomic disparity acts as a more powerful driver of health outcomes than the natural disasters themselves. 8 Thus, while natural hazards may be inevitable, the extent of the resulting human tragedy during natural disasters can, in fact, be mitigated.
Differences in health outcomes after disasters can be reduced by appropriate preparation and response. Functional, efficient health systems are better able to absorb the extraordinary volume and complexity of patients immediately after a disaster. 3 Yet, the resource-intensive response required in crisis situations stresses the extant health system. In resource-limited settings where additional resources, personnel and infrastructure cannot be readily mobilised this becomes a major limitation to the care of victims. Additionally, acute trauma may require complex management including surgery, intensive care and other higher resource interventions. Thus, the worst health outcomes during disasters are seen in settings with constrained availability of staff, operating rooms and intensive care units 10 11 -a quotidian reality in most low/middle-income countries (LMIC). 12 Furthermore, health systems without sufficient baseline surgical capacity are more prone to dysfunction in disasters, 13 meaning that surgical care for cancer, caesarean sections, routine emergencies and other conditions is interrupted. [14] [15] [16] Despite this predictable and recurrent deficiency, disaster management and global surgery policymakers have not coordinated the development of surgical systems with disaster resilience in mind. However, a potential starting point exists: key guiding frameworks offer synergistic goals and overlapping recommendations. The Sendai Framework for Disaster Risk Reduction, developed in 2015 by the United Nations Office for Disaster Risk Reduction, focuses on improving disaster resilience. 5 That same year, the Lancet Commission on Global Surgery (LCoGS) published the Global Surgery 2030 report which established a path for surgical system development in LMICs. 12 While redefining each respective field, these landmark contributions are not being collaboratively implemented despite significant conceptual overlap. There are ongoing efforts to link a number of other health domains with the Sendai Framework, including mental and public health. 17 18 In this article, we argue the central importance of developing local surgical capacity as part of disaster risk reduction (DRR). We review the relevant modern history of disaster management and global surgery with an eye for common objectives. Lastly, we propose key opportunities to coordinate policy that will strengthen local surgical systems, develop more robust disaster preparedness and reduce the impact of disasters on the most vulnerable populations.
THe role of loCAl surgICAl CApACITy In many LMICs, foreign medical teams (FMT) have historically filled critical human and infrastructure resource gaps in the postdisaster period. FMTs typically arrive too late to assist in the initial response which occurs in the first hours and days after a disaster event; a delay which commensurately increases with destruction of local infrastructure. 19 Disaster victims with life-threatening surgical conditions often do not survive beyond this period, and FMTs primarily treat less acute forms of medical and surgical disease. 16 20 Historically, LMICs have had to rely on disaster response by FMTs despite the reality that successful management of the most pressing injuries depends on the ability of local health systems to provide timely, affordable and quality surgical care. The vulnerability of relying on FMTs has been recognised by both the United Nations (UN) 21 and the WHO, which recently noted that 'the most timely and cost effective response to trauma is the one mobilized by the affected country itself.' 22 Given the propensity of disasters to cause surgical trauma, robust local surgical systems in LMICs are imperative in order to address the primary surge of patients so that people do not die of treatable conditions. 23 24 The 2015 Nepal earthquake is an example of the need for local surgical capacity in postdisaster response. On 25 April 2015, a 7.8 M W (moment magnitude) earthquake struck about 80 km from Kathmandu, the capital city. 25 Giri et al report on the surgical experience during the first 21 days at Dhulikhel Hospital, a university hospital with 375 beds. On the day of the earthquake, injured people streamed into the hospital. The immense medical need forced the Dhulikhel Hospital staff to use all inpatient beds and house overflow patients in a crowded courtyard space. During the ensuing 3 weeks, Dhulikhel Hospital registered 2003 emergency patients of which 758 were admitted as inpatients. The local surgical team performed 345 surgeries, the majority of which were orthopaedic procedures. 16 Distance, remote location and other geographical impasses contributed to travel delays; FMTs were not able to provide assistance during the immediate postdisaster period. In fact, international field hospitals were unable to begin treating patients until 3 days after the earthquake. Thus, most patients who suffered critical injuries requiring timely treatment were entirely dependent on the local capacity at Dhulikhel Hospital. However, the extraordinary efforts of the Dhulikhel Hospital staff were often hindered by limitations in baseline capacity. For example, the hospital did not offer neurosurgical services, necessitating the transfer of eight patients with head injuries to a hospital in Kathmandu. Furthermore, the staff also faced challenges coordinating care within the healthcare system due to disruption of communication and transportation infrastructure. This limited the ability to coordinate transfers and external care for patients, requiring the hospital to depend exclusively on internal staffing and supplies to provide 24 hours BMJ Global Health of surgical services on-site. Giri et al highlight that a key lesson learnt from this event is recognising the 'importance of developing consistent and robust local health services capable of managing natural disasters.' 16 Data from Rodriguez-Llanes et al further illustrate this need by quantifying the financial implications of local surgical care. They report on the response to a 2008 earthquake of comparable intensity (7.9 M W ) in Wenchuan, China, and estimate that during the first 20 days after earthquake, surgical management at People's Hospital of Deyang City (PHDC) averted 42% (4379 disability-adjusted life years) of the burden of injury for 1861 patients. They analysed the economic impact of surgical care provided at PHDC, calculating that surgery averted an economic loss of $15.2 million in disability and death from injuries. 26 Their work demonstrates that surgical care reduces the health-related burden of traumatic surgical disease and reduces the economic impact of disasters. Comparable postdisaster experiences in Haiti and elsewhere in China emphasise the need for a robust local surgical system response and have been reported previously in the disaster literature. 27 28 THe modern HIsTory of dIsAsTer mAnAgemenT And globAl surgery polICy A brief review of the modern history of the disaster management and global surgery fields reveals the evolution of thinking around health system strengthening for disasters. Specifically, we highlight shifts in priorities and key policy developments that have created this shared focus. Figure 1 presents a timeline of key events.
disaster management policy Disaster management policy at the UN originated in the aftermath of the 1962 Buin Zahra earthquake in Iran. This devastating event caused 12 225 fatalities and prompted the international community to organise around disaster response. Without prior structures in place, the UN passed a resolution over a month after the catastrophe, finally calling on member states to consider providing aid to Iran. 29 This was the first UN resolution pertaining to a disaster, and it set the paradigm for disaster management policy for the next decades. In 1971, the UN formed the United Nations Disaster Relief Office (UNDRO), which was designed to coordinate international organisations involved in disaster management. The initial goals of the UNDRO focused on providing relief immediately after disasters and contributed little to disaster preparation. 30 Nevertheless, growing experience in disaster response pushed the UN to recognise the need for disaster preparation. In 1970s and early 1980s, the UN prioritised early warning systems to decrease postdisaster response times. 21 30 This culminated in 1987 when the UN General Assembly introduced language of predisaster preparation, effectively establishing a new lexicon for disaster preparedness. 31 Definitions of key terms now in use are presented in table 1.
The 1990s were deemed the 'International Decade of Natural Disaster Reduction' as members of the field came to understand that 'disaster response alone is not sufficient, as it yields only temporary results at a very high cost.' 32 This mandate marked the beginning of a mindset shift in disaster management. Research and advocacy turned towards preventing human catastrophe through specific improvements in predisaster planning, such as attempting to develop comprehensive national disaster plans and mobilising resources for disaster management. 32 As the world moved into the new millennium, then UN Secretary General Kofi Annan emphasised the need to expand prevention efforts and reduce vulnerabilities, declaring that 'disaster prevention is a moral imperative.' 33 In the early 2000s, the UN turned attention to the fact that more vulnerable systems fared worse during disasters, prompting the UN General Assembly to call for a focus on building local capacity in addition to strengthening existing disaster preparedness and response measures. 34 In 2004, this was termed 'health systems resilience,' which encompasses the adaptability of a health system to resist or respond to external forces like natural hazards, and the effectiveness with which it draws on BMJ Global Health Health system resilience 'The ability of a system, community or society exposed to hazards to resist, absorb, accommodate, adapt to, transform and recover from the effects of a hazard in a timely and efficient manner, including through the preservation and restoration of its essential basic structures and functions through risk management.' 4 National surgical planning Policymaking process by which national governments and key stakeholders develop National Surgical, Obstetric, and Anesthesia Plans. 12 Disaster risk reduction 'Disaster risk reduction is aimed at preventing new and reducing existing disaster risk and managing residual risk, all of which contribute to strengthening resilience and therefore to the achievement of sustainable development.' 4 LCoGS, Lancet Commission on Global Surgery; UNISDR, United Nations Office for Disaster Risk Reduction.
these experiences to build its capacity to minimise the impact of future disasters. 35 UN recommendations from the mid-2000s emphasised resilience of healthcare systems in resource-constrained settings, recognising the need to minimise the impact of disasters in order to reduce poverty and achieve development goals. 36 37 These recommendations were incorporated in the 2005 Hyogo framework and subsequently prioritised in the 2015 Sendai Framework through an explicit call to shift funding towards health systems resilience building. One of the key mechanisms proposed by the Sendai Framework to achieve resilient systems is the development of DRR strategies, which are national plans designed to build disaster resilience across multiple sectors in a country. 5 Much of the literature on resilience building focuses on the prehospital and emergency components of health system strengthening. 38 39 Despite a plethora of publications narrating the surgical response, systematic reporting of the burden of surgical injuries after disasters is largely absent from the literature. 16 19 Surgical disease, like extremity soft tissue injuries and bone fractures, is inherently tied to the mechanisms of physical injury in the most devastating disasters, 40 but the disaster management community has yet to highlight its importance via the Sendai Framework.
global surgery policy Historically, the majority of the global surgery community has had little focus on healthcare systems development. FMTs have been the de facto method for addressing the surgical burden of disease in both acute postdisaster and long-term care situations. However, the LCoGS and a WHO resolution have challenged the global surgery stakeholders to redefine their role in the development of surgical care. 12 In 2015, recognising that over 100 million people sustain injuries each year, the World Health Assembly passed resolution 68.15 which affirmed the critical role of emergency and essential surgical and anaesthesia care in comprehensive health systems. 41 That year also saw the publication of the Disease Control Priorities Third Edition, Volume 1, and LCoGS Global Surgery 2030 report which quantified the global burden of surgical disease and introduced metrics for addressing this need. 12 42 Approximately 5 billion people do not have access to safe, timely and affordable surgical and anaesthesia care, despite the fact that 30% of the total global burden of disease is amenable to surgical care. 12 43 Recognising that an FMT-dependent approach cannot meet this need, the LCoGS argued that surgery is an 'indivisible, indispensable part of healthcare' and must be scaled up within existing health systems to prevent unnecessary disability and death. 44 To facilitate this growth, the LCoGS outlined the policy process of national surgical planning to integrate surgical systems within existing national healthcare policy. 12 Following this framework, Ethiopia, Zambia, Tanzania and Rwanda have developed and signed National Surgical, Obstetric, and Anesthesia Plans (NSOAPs), [45] [46] [47] [48] [49] with many more NSOAPs in the early stages of development. 48 These national policies set priorities and outline the steps necessary to advance local surgical capacity. 12 Figure 2 summarises the current status of NSOAP development worldwide. Despite highlighting the essential role of surgery within comprehensive health systems, the global surgery community has not yet integrated disaster preparedness and health system resilience into NSOAPs. While each NSOAP includes language about trauma, none of the four publicly available NSOAPs directly address the role of surgical care in disasters. Previous national surgical planning processes have been conducted in countries without frequent disasters, but the unpredictable nature of disasters necessitates planning for them in future NSOAPs.
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ConvergIng prIorITIes
Actors from both surgical and disaster management fields have identified that populations suffer unnecessarily in the wake of disasters when surgical capacity is inadequate. Framework for Disaster Risk Reduction promote similar objectives because they both focus on health system strengthening in low/ middle-income countries (LMIC), and are explicitly linked by the integral role of surgical systems in delivering timely, effective disaster response. ► National Surgical, Obstetric, and Anesthesia Plans (NSOAPs) and disaster risk reduction (DRR) strategies should be developed in concert by identifying and addressing surgical system requirements. ► Recent momentum for NSOAPs in LMICs represents a political window for the integration and development of DRR strategies that address surgical care. Yet, there is no large-scale, concerted effort to address this problem. We posit that these converging priorities can be better achieved by working together as both stakeholders are critical to the development of resilient surgical systems. Given the recent advancement in both DRR and global surgery, a window of opportunity exists to develop integrated policy. We present three key opportunities for collaboration, which are summarised in box 1.
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separate frameworks, common goals In 2015, the LCoGS and the Sendai Framework for Disaster Risk Reduction independently set forth roadmaps to achieve global surgery and DRR goals. The LCoGS identified metrics and created the framework to increase access to safe, timely and affordable surgical services. 12 The Sendai Framework introduced a process for improving national disaster resilience. 5 The key objectives of both movements ultimately rely on health system strengthening in LMICs. Additionally, as presented earlier, these two frameworks are explicitly linked by the central position of local surgical systems in ensuring timely and effective disaster response. Figure 3 presents the key domains of the LCoGS NSOAP framework and the Sendai Framework priorities.
Integration of the surgical and disaster planning processes In addition to sharing common goals, the two frameworks propose individual national-level planning mechanisms. The Sendai Framework supports the development BMJ Global Health of national DRR strategies, whereas the LCoGS recommends development of NSOAPs. 5 12 Given the overlapping goals, stakeholders and analogous processes, planning should be coordinated.
The process of planning a DRR strategy includes two core elements which directly intersect with national surgical planning: stakeholder organisation and risk analysis. DRR strategies begin with an organising process designed to gather and align stakeholders. Ideally, this should include relevant surgical leaders in addition to disaster response and policy leaders. The Health Emergency and Disaster Risk Management (Health-EDRM) is an existing WHO-supported framework which aligns health and disaster risk management. Adding surgery to the Health-EDRM agenda could further facilitate stakeholder engagement, promote integrated health system planning and incorporate essential surgical system components into the DRR planning process. 50 Knowing the baseline surgical capacity is essential for an accurate evaluation of disaster risk. The NSOAP planning process uses key surgical indicators and a situational analysis tool to understand the surgical system and surgical care in detail. 51 Thus, national DRR strategies can use NSOAP-derived surgical baseline data to identify disaster-related vulnerabilities in the local surgical system. A resilience index recently proposed by Kruk et al may be useful for this purpose as it outlines the components of a resilient health system. 39 Additionally, reporting on disaster-specific vulnerabilities could describe key needs for adequate infrastructure (eg, operating room availability, electricity, radiology services, and so on) or sufficient workforce levels (eg, surgical, obstetric, anaesthesia staff density, availability of neurosurgical and orthopaedic services, and so on).
In this fashion, future versions of country-specific NSOAPs can draw on this DRR vulnerability analysis to buttress components of the surgical system that are susceptible to disasters. Recognizing that disasters are not bound by national borders, we recommend that the disaster management community prioritise risk reduction recommendations that are tailored to individual NSOAPs and integrated with transnational and regional approaches to health policy. nsoAps and natural disasters are policy windows Since the Global Surgery 2030 report recommended national strategic planning to develop surgical care policy, the current political priorities in global surgery have emphasised development along the six major domains of surgical systems. 51 This recent momentum for national surgical planning (ie, NSOAPs) in LMICs represents an opportunity to integrate DRR strategies into surgical systems. In the past 2 years, 4 NSOAPs have been completed, 10 more plans are underway and an additional 23 countries have committed to developing their own. 12 51 Although this proposed collaborative process would ideally occur prior to disasters, the Sendai Framework recognises that each disaster represents an opportunity to 'build back better' by mobilising newly available resources and political priority to advance health system development. This is particularly relevant in countries without an existing NSOAP; crisis presents a chance to initiate such a planning process. By integrating surgical system planning with DRR strategies after disaster, global surgery and disaster management stakeholders can promote the development of surgical systems, a process which may not have had the adequate political priority beforehand. As postdisaster reconstruction efforts have historically failed to capitalise on this opportunity, we propose this collaborative process as an avenue to not only 'build back better' but also to build back together. 38 
ConClusIon
Given the widespread impact, increasing frequency and profound effects of disasters on LMIC populations, a health system strengthening strategy is necessary to mitigate their devastating effects. Key to this approach is developing robust local surgical capacity that is resilient to the additional stresses of peridisaster situations. To achieve this, meaningful collaboration between the disaster management and global surgery stakeholders is necessary.
The LCoGS and the Sendai Framework advocate for key objectives related to health system strengthening in LMICs, and the current momentum around the development of NSOAPs presents a unique window to align stakeholders and advance common policy. We strongly urge interdisciplinary collaboration to deconstruct the existing policy silos which currently separate these similar efforts to strengthen health systems. Working together, as surgeons, DRR experts and policymakers, we can develop surgical systems that limit avertable suffering and death caused in disasters.
